PURPOSE. To compare blood pressure and urine albumin-creatinine ratio over time for participants receiving aflibercept, bevacizumab, or ranibizumab.
I
ntravitreous injections of anti-vascular endothelial growth factor (anti-VEGF) agents have become standard treatment for central-involved diabetic macular edema (DME) based on results of several clinical trials. [1] [2] [3] [4] [5] The Diabetic Retinopathy Clinical Research Network (DRCR.net) conducted a randomized comparative effectiveness trial (Protocol T) evaluating the relative efficacy and safety of three anti-VEGF agents, aflibercept, bevacizumab, and ranibizumab, for treatment of centralinvolved DME with vision loss. 1 When bevacizumab has been used systemically to treat certain types of cancers, systemic side effects have been reported including hypertension, proteinuria, thrombotic microangiopathy, and cardiovascular complications. 6 The majority of reports from ophthalmic studies have indicated that rates of thromboembolic events are similar in participants with and without anti-VEGF injections, at doses that are approximately 400 times smaller than the systemic dose. However, some reports have suggested that rates of cardiovascular and cerebrovascular events might be greater in participants who received ocular anti-VEGF injections. 7, 8 Even less is known about the relative effects of different anti-VEGF agents on systemic adverse events. Previous large scale studies have not demonstrated a difference between systemic adverse event rates among patients receiving different, intravitreally administered anti-VEGF agents, but these reports have focused on primarily nondiabetic populations. 9, 10 In DRCR.net Protocol T, the rate of cardiovascular and cerebrovascular events as defined by the Anti-Platelet Trialists' Collaboration was slightly higher in the ranibizumab group as compared with the aflibercept and bevacizumab groups at 2 years, although this difference could be due to chance as it falls within the range of anti-VEGF associated adverse event rates consistent with other studies. 11 Given the current gap in knowledge as to whether there is a difference in systemic adverse events among anti-VEGF agents when given for ophthalmic indications, an ancillary study to Protocol T was performed obtaining blood pressure measurements and urine samples to assess kidney function. This report compares blood pressure changes and albuminuria changes Copyright 2018 The Authors iovs.arvojournals.org j ISSN: 1552-5783 over time for participants receiving aflibercept, bevacizumab, or ranibizumab for DME treatment.
METHODS
The study protocol is available in the public domain at www. drcr.net. The study adhered to the tenets of the Declaration of Helsinki and was approved by multiple institutional review boards. Study participants provided written informed consent. All participants were at least 18-years old and had type 1 or 2 diabetes. Detailed descriptions of study eligibility criteria and the structured anti-VEGF retreatment algorithm were specified in the study protocol. At the baseline visit, 660 participants were randomly assigned 1:1:1 to one of the three treatment groups for management of DME: 2.0 mg intravitreous aflibercept, 1.25 mg intravitreous bevacizumab, or 0.3 mg intravitreous ranibizumab. Retreatment with the assigned anti-VEGF agent could occur as frequently as monthly through 2 years, but was deferred once study eyes met prespecified sustained stability or success criteria related to changes in visual acuity and central retinal thickness on optical coherence tomography. If indicated, the same anti-VEGF was given in the nonstudy eye as in study eye, but treatment frequency was at investigator discretion.
Systolic and diastolic blood pressure were measured three times using the same automated blood pressure monitor (Omron 10 Series Plus; Omron Healthcare, Inc., Kyoto, Japan) after participants had been sitting for 10 minutes at the following visits: baseline, 4, 8, 12, 52, and 104 weeks. Using the average of the three measurements, blood pressure was categorized into four groups: normal (systolic <120 mm Hg and diastolic <80 mm Hg), borderline elevation (systolic 120-139 mm Hg or diastolic 80-89 mm Hg), mild elevation (systolic 140-159 mm Hg or diastolic 90-99 mm Hg), and moderate elevation (systolic ‡160 mm Hg or diastolic ‡100 mm Hg). 12 Mean arterial pressure (MAP) was also calculated.
At the baseline and 52-week protocol visits, urine samples were collected to assess kidney function. The samples were frozen at À208C and shipped within 7 days of collection to the Advanced Research and Diagnostic Laboratory at the University of Minnesota for measurement of urinary albumin and creatinine. Urine albumin-creatinine ratio (UACR) was calculated and categorized into three levels: no albuminuria (<30 mg/g), microalbuminuria (30-300 mg/g), or macroalbuminuria (>300 mg/g). 13 In addition, participants were asked to return 2 to 3 days after one of the first three injections for an optional visit to obtain a blood pressure and urine sample.
The MAP treatment group comparison was performed using analysis of covariance (ANCOVA) with adjustment for baseline level. Fisher's exact test was used to compare categoric UACR among treatment groups. Ordinal logistic regression was used to assess the association between urine albumin-creatinine ratio category and characteristics of interest at baseline. All P values are two-sided. SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA) was used for all statistical analyses.
RESULTS

Blood Pressure
At baseline, 535 (81%) of all 660 participants reported a preexisting condition of hypertension. Nearly 70% of the participants (N ¼ 456) were on treatment with angiotensinconverting enzyme inhibitor (ACE inhibitor) or angiotensin receptor blockers (ARB) at the time of enrollment, while an additional 74 (11%) participants (24 [11%] in aflibercept group, 23 [11%] in bevacizumab group, and 27 [12%] in ranibizumab group) started an ACE inhibitor or ARB after enrollment. The average duration of diabetes was 17 6 11 years. Baseline average systolic blood pressure, diastolic blood pressure, and MAP were similar across the treatment groups (Table 1) . Combining all treatment groups, 95 (14%) participants had normal blood pressure, 220 (33%) had borderline elevation, 206 (31%) had mild elevation, and 139 (21%) had moderate elevation. Average baseline systolic blood pressure, diastolic blood pressure, and MAP were 139 6 20, 83 6 11, and 102 6 13 mm Hg, respectively. Table 1 shows the changes in blood pressure at each follow-up visit by treatment group. Mean change in MAP at 2 years from baseline was À1.2 6 15, À1.8 6 13.5, À2.6 6 14.4 mm Hg in the aflibercept, bevacizumab, and ranibizumab groups, respectively (global P ¼ 0.69). At 2 years, 63 (32%), 59 (33%), and 67 (37%) of participants in the aflibercept, bevacizumab, and ranibizumab groups, respectively, improved from their baseline category, while 59 (30%), 65 (36%), and 42 (23%) worsened. The mean systolic and diastolic blood pressure over time is shown in the Figure.
Urine Albumin-Creatinine Ratio
Among the 654 participants who had an available urine sample at the baseline visit, 82 (13%) participants reported pre-existing kidney disease. Combining all treatment groups, 247 (38%) participants had no albuminuria, 195 (30%) had microalbuminuria, and 212 (32%) had macroalbuminuria. The median baseline UACR level was 67 mg/g. The relationship between baseline demographic factors and baseline UCAR is presented in Table 2 .
Higher baseline HbA1c and higher blood pressure were both significantly associated with higher UACR levels (P ¼ 0.005 and P < 0.001, respectively). With the adjustment for these two baseline factors, non-Hispanic whites appeared less likely to have macroalbuminuria (28%) compared with Hispanics (44%, P ¼ 0.003), but not with African Americans (38%, P ¼ 0.14).
Kidney function as assessed by UACR also was associated with baseline ocular characteristics in multivariable models controlling for baseline HbA1c and hypertensive status. Among 644 participants who had an available urine sample and a gradable fundus photograph at baseline, the distribution of UACR categories was different across baseline diabetic retinopathy subgroups: 40%, 31%, and 28% had no albuminuria, microalbuminuria, or macroalbuminuria, respectively, in nonproliferative diabetic retinopathy (NPDR) group (diabetic retinopathy [DR] severity of level 53 or better, N ¼ 490), and 30%, 24%, and 46%, respectively, in the PDR group (DR severity level of 60 or worse, N ¼ 154), respectively (P < 0.001). On average, individuals with macroalbuminuria also had worse baseline study eye visual acuity (P ¼ 0.002).
The distribution of UACR categories was similar across anti-VEGF treatment groups when obtained at the optional 2-to 3-day postinjection visit (P ¼ 0.55) and required 52-week protocol visit (P ¼ 0.44; Table 3 ). At the 52-week visit, microalbuminuria was present in 68 (34%) and macroalbuminuria in 58 (29%) participants treated with aflibercept, 64 (33%) and 63 (32%), respectively, treated with bevacizumab, and 56 (28%) and 74(38%), respectively, treated with ranibizumab. Changes in UACR categories were not different among treatment groups at the postinjection (P ¼ 0.18) or 52-week visit (P ¼ 0.29; Table 3 ). While 77% to 78% in each group maintained their baseline UACR category at 52 weeks, improvement in UACR category was seen in 23 (11%), 14 (7%), and 14 (7%) of the aflibercept, bevacizumab, and ranibizumab groups, respectively, and worsening was present in 21 (10%), 28 (14%), and 31 (16%), respectively. On average, participants received 9 to 10 intravitreal injections through 52 weeks regardless of treatment group assignment and baseline UACR category (Table 3) .
DISCUSSION
Based on results of this study, changes in blood pressure and UACR measurements appear similar with intravitreal treatment with aflibercept, bevacizumab, or ranibizumab for DME. Substantial changes in UACR were uncommon across all three treatment groups. Approximately equal percentages of participants had improvement or worsening in blood pressure at 2 years. Previously published results from this trial stated that 7% to 12% of participants in each treatment group developed hypertension and 11% to 12% experienced renal events based participant self-reporting through 1 year of follow-up.
1 By (16) The average of the 3 MAPs calculated from each of three blood pressure measurements (diastolic þ 1/3 [systolic À diastolic]). Blood pressure was defined into four categories based on systolic and diastolic pressure (in mm Hg): normal (systolic <120 and diastolic <80), borderline elevation (systolic 120-139 or diastolic 80-89), mild elevation (systolic 140-159 or diastolic 90-99), and moderate elevation (systolic ‡160 or diastolic ‡100). MAP, mean arterial pressure (mm Hg).
* Global P value to compare mean changes in mean arterial pressure (mm Hg) from baseline, using analysis of covariance (ANCOVA) with adjustment for baseline MAP. † For the total 496 blood pressure measurements taken 2-to 3-days poststudy treatment injection, 350 were taken after the randomization injection (124/122/104 in aflibercept/bevacizumab/ranibizumab group), 100 were taken after the 4-week injection (34/35/31 in aflibercept/ bevacizumab/ranibizumab group), and 46 were taken after the 8-week injection (17/12/17 in aflibercept/bevacizumab/ranibizumab group).
FIGURE. Mean systolic and diastolic blood pressure over time (mm Hg). Mean systolic blood pressure (top). Mean diastolic blood pressure (bottom).
Error bars indicate 95% confidence limits. OCT, optical coherence tomography; PC IOL, posterior chamber intraocular lens; ETDRS, Early Treatment Diabetic Retinopathy Study; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.
* Urine albumin-creatinine ratio was defined into three categories (in mg/g): no albuminuria (<30), microalbuminuria (30-300), and macroalbuminuria (>300).
† Global P values were obtained from ordinal logistic regression to assess the association between baseline characteristics and baseline urine albumin-creatinine ratio subgroup.
‡ Global P values were obtained from ordinal logistic regression to assess the association between baseline characteristics and baseline urine albumin-creatinine ratio subgroup, with adjustment for hemoglobin A1c level and blood pressure category.
§ Excluding participants with uncertain diabetes type.
systemically evaluating changes in blood pressure and UACR measurements over time, this study provided additional quantitative information on systemic side effects when ocular anti-VEGF agents were administered over 2 years of follow-up. In the current era, approximately 27% of United States adults with diabetes have albuminuria, of whom approximately 75% have microalbuminuria and 25% have macroalbuminuria.
14 However, in this trial, at baseline, approximately twothirds of participants had albuminuria, among whom approximately half had microalbuminuria and half macroalbuminuria; interestingly, only 13% of participants self-reported a history of kidney disease. Multiple studies have reported associations between diabetic nephropathy and DR. 15, 16 As a result, one might expect that kidney disease in this cohort of participants with DME to be more prevalent than among patients with diabetes with earlier or no retinopathy.
To our knowledge, there are no published reports providing baseline levels of UACR in a large cohort of patients with DME to determine prevalence of kidney disease in similar cohorts. However, unpublished data (Karen Chu, personal communications, 2017) from the VISTA trial that measured urine protein and creatinine ratio (UPCR) at baseline among 461 participants with similar characteristics as Protocol T, showed that approximately 70% of participants had a normal UPCR (<1 g). 17 In the VISTA trials, approximately 54% of participants were on ACE inhibitors and 29% of participants were on receptor blockers compared with 50% and 21% (including 2% on both) in the DRCR.net trial. Given the substantial * Urine albumin-creatinine ratio was defined into three categories (in mg/g): no albuminuria (<30), microalbuminuria (30-300), and macroalbuminuria (>300). Global P value to compare urine albumin-creatinine ratio category or change in UACR category among treatment groups using Fisher's exact test.
† Only including participants who had available urine albumin-creatinine ratio at both baseline and the corresponding follow-up visit ‡ For the total 489 changes in urine albumin-creatinine ratio category 2-to 3-days poststudy treatment injection, 343 were from postrandomization injection (121/121/101 in aflibercept/bevacizumab/ranibizumab group), 100 were from post 4-week injection (34/34/32 in aflibercept/bevacizumab/ranibizumab group), and 46 were from post 8-week injection (17/12/17 in aflibercept/bevacizumab/ranibizumab group).
§ Global P value ¼ 0.51 at postinjection visit and 0.32 at 52 weeks, respectively, for comparing changes in UACR as a continuous variable on the logarithm scale (base 10) between treatment groups, using ANACOVA with adjustment for baseline UACR on log scale (base 10). ¶ BMI data were missing for 30 no albuminuria participants, 15 microalbuminuria participants, and 17 macroalbuminuria participants. # Blood pressure was defined into four categories based on systolic and diastolic pressure (in mm Hg): normal (systolic <120 and diastolic <80), borderline elevation (systolic 120-139 or diastolic 80-89), mild elevation (systolic 140-159 or diastolic 90-99), and moderate elevation (systolic ‡160 or diastolic ‡100). ** OCT central subfield thickness data were missing for three no albuminuria participants, three microalbuminuria participants, and two macroalbuminuria participants.
† † Diabetic retinopathy severity data were missing for three no albuminuria participants, five microalbuminuria participants, and two in macroalbuminuria participants.
differences between baseline measures indicative of potential kidney disease between the two studies, the true rate in patients with DME remains to be determined.
There are several limitations of the study. First, all participants received an anti-VEGF drug and there was not a control group for comparison. Therefore, no assessments can be made with respect to whether anti-VEGF treatment has an effect on UACR or blood pressure. Second, over 80% of participants were on blood pressure lowering medications at the time of study entry, which could impact the ability to assess the effect of anti-VEGF treatments on blood pressure changes. In addition, at each time point blood pressure was only measured on 1 day and could be affected by changes in or compliance with antihypertensive medications. Although it is presumed that this would not bias treatment group comparisons, the incidence of blood pressure worsening cannot be readily determined from the study data. Finally, this study did not measure estimated glomerular filtration rate, which could indicate diabetic nephropathy without micro-or macroalbuminuria.
CONCLUSIONS
In conclusion, there do not appear to be differences in changes in blood pressure over 2 years or kidney function as assessed by UACR through 1 year based upon treatment with aflibercept, bevacizumab, or ranibizumab. In addition, anti-VEGF treatment with any of these agents does not appear to substantially increase the risk of developing or worsening hypertension or proteinuria during this follow-up period.
